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METHOD AND APPARATUS FOR MONITORING WORK VEHICLES 
FIELD OF THE INVENTION 

The present invention relates generally to monitoring systems for work vehicles. 
5 More particularly, the present invention relates to a monitoring system having an operator 
interactive system for inputting information for subsequent communication with a remote data 
center. 

BACKGROUND OF THE INVENTION 

Vehicle data recording systems have been shown to be useful in a variety of 
10 applications for logging and communicating both operator and vehicle information to a 
D centralized database. For example, vehicle data recording systems have been used to track 



y 



operator driving times, trip times, and stopping times. Further, vehicle data recording systems 
have been used to record fuel efficiency on a trip by trip basis, engine parameters such as 
temperature, and other related vehicle information. The vehicle operating information may 
1 5 alternatively be used in a business delivery system to optimize parameters such as driver 

efficiency and performance and for tracking of deliveries made by a fleet of vehicles to various 
destinations. 

Known vehicle data recording systems do not allow the vehicle operator to 
provide information about the vehicle condition to the data recording system. Therefore, this 

20 important operator information can not be communicated in a compressed form to a central data 
center and shared with support functions, such as a technical support group or maintenance 
service center. Further, known systems fail to enable a technical support group or maintenance 
service organization to analyze or diagnose a potential maintenance problem that might be 
apparent from these operator inputs. Without operator information, maintenance information or 

25 replacement parts may not be provided in an efficient manner. Furthermore, the known systems 
do not provide an effective means of sharing data center information from a remote location. 

Accordingly, there is a need for an operator interactive apparatus and method for 
monitoring work vehicles that provides simplified input from a vehicle operator to a mobile 
communication device for communicating with a central data center. Further, there is a need for 
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an operator interactive apparatus and method for monitoring work vehicles such that the operator 
information is communicated to a technical support group or maintenance service function. The 
technical support group or maintenance organization is then able to send repair parts or 
maintenance information directly to the operator or fleet manager. Further still, there is a need 
for an operator interactive apparatus and method for monitoring work vehicles that allows an 
operator or a fleet manager to access diagnostic and technical service information directly from a 
remote location. 

SUMMARY OF THE INVENTION 

The present invention relates to a monitoring system for a work vehicle. The 
management system includes a diagnostic system configured to receive sensor information from 
at least one sensor mounted on the vehicle. A vehicle operator interface is configured to receive 
input from a vehicle operator and to display a plurality of prompts according to a predetermined 
algorithm. A wireless communication device is provided on board the vehicle, the wireless 
communication device being coupled to the diagnostic system to communicate sensor 
information from the diagnostic system and coupled to the vehicle operator interface to receive 
input from the vehicle operator interface. The management system also includes a remote central 
data center in wireless communication with the wireless communication device and receiving 
sensor information and input from the vehicle operator interface. Further, the management 
system includes a communications network coupled to the central data center. 

In one embodiment, an off-highway work vehicle includes a diagnostic system 
configured to receive input from sensors mounted on the off-highway work vehicle and 
communicate sensor information. The off-highway work vehicle also includes an operator 
interface configured to receive input from an operator. Further, the off-highway work vehicle 
includes a wireless communication device for communicating information from the diagnostic 
system and from the operator interface to a data receiver. 

Another exemplary embodiment relates to a method for maintaining a work 
vehicle. The method includes retrieving inputs from an operator and retrieving inputs from a 
plurality of sensors. The method also includes running a diagnostics algorithm that is configured 
to provide diagnostics information based on at least some of the inputs from the operator and the 
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inputs from the sensors. Further, the method includes communicating the diagnostics 
information to a data receiver via a wireless data link. 

Another exemplary embodiment relates to a fleet management system including a 
microprocessor on a work vehicle. The fleet management system also includes an operator 
interface on-board the work vehicle that is configured to receive inputs from an operator. The 
fleet management system further includes a diagnostics algorithm configured to provide 
diagnostics information based on the inputs received from the operator and a wireless data link 
configured to communicate the diagnostics information to a data receiver. 

Further, the present invention relates to a vehicle having a diagnostic tool such as 
a portable microprocessor system. An operator interface is coupled to the microprocessor system 
and configured to receive input from an operator and configured to display a plurality of operator 
prompts according to a predetermined algorithm. Further, a wireless communication device is 
coupled to the microprocessor system to communicate information from the microprocessor 
system and from the operator interface to a data receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the following detailed 
description, taken in conjunction with the accompanying drawings, wherein like reference 
numerals refer to like elements, in which: 

FIG. 1 is an illustration of an embodiment of a fleet management system using 
wireless communications; 

FIG. 2 is a block diagram of an operator interactive apparatus for monitoring work 
vehicles according to the present invention; 

FIG. 3 is an information string representative of information communicated from 
the operator interactive interface to a data center; and 

FIG. 4 is a block diagram of a preferred operator interactive apparatus for 
monitoring work vehicles according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to FIG. 1, there is depicted a fleet management system 10 for the 
management of a plurality of off-highway work vehicles 15. The work vehicles 1 5 may be an 
agricultural tractor, as shown, or a construction-type vehicle. Each work vehicle 15 includes at 
least one communication antenna 20 for transmitting and receiving wireless communication 
signals from a low earth orbit (LEO) satellite 25 or a ground relay antenna 30 such as an RF or 
cellular receiving antenna. The fleet management system 10 further includes a central data center 
35 at a remote site for sending and receiving information to and from either the satellite ground 
earth station (GES) 90 or the cellular relay tower 30. The central data center 35 may 
communicate 45 the vehicle or maintenance information to multiple users, including a fleet 
management center 50, an owner equipment maintenance center 40, a dealer service center 70, 
and a manufacturer's technical support group 80. These multiple users may be interconnected 
with the central data center 35 and each other by a computer network link, such as an internet 
link 60. 

In the illustrated embodiment, the work vehicle 15 is an agricultural tractor. 
Alternatively, the work vehicle 15 may be any of a variety of vehicles, including on-road work 
vehicles, as well as other off-road vehicles including agricultural vehicles and construction 
vehicles, such as backhoes, wheel-loaders, skid steers and the like. Further still, the work vehicle 
15 may include tracked vehicles, such as tracked agricultural or construction vehicles, including 
crawlers and dozers. 

During the operation of a fleet of work vehicle, each work vehicle 15 generates 
information relevant to fleet management and transmits that information to the remote central 
data center 35 through satellite link 25 or cellular link 30. According to the present invention, 
the fleet management information includes information gathered from a vehicle operator on 
board the vehicle 15. The fleet management information also includes information gathered 
from a combination of sensors on board vehicle 15. Sensor information may include hour meter 
data, draft force, force sensor, slip control, ground speed, engine temperature, oil pressure, 
hydraulic pressure, or other types of information that can be communicated by electronic sensing 
equipment. 
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Referring now to FIG. 4, in a preferred embodiment of the present invention, the 
vehicle operator 202 acts as a diagnostic sensor allowing the operator 202 to provide diagnostic 
information when a problem occurs with the vehicle or when the operator 202 sense a potential 
problem. Often, operator 202 will become aware or sense something is wrong with a vehicle, but 
5 the details of what operator 202 senses (i.e. sees, feels, hears or smells) is not reported even 
though it may be valuable in early detection or diagnostic isolation of problems. An intelligent 
or interactive vehicle instrument cluster, such as one having a microprocessor providing an 
operator and machine interface 220, acts as the information input mechanism for the vehicle 
operator. An onboard diagnostic system 230 may be coupled to the operator and machine 
10 interface 220. A plurality of vehicle sensors 250 provides data inputs 245 to the operator 

interface 220 and diagnostic system 230. Sensors 250 may include for example a GPS receiver 
jU- 254 and an hour meter 256. 

2 The vehicle sensors 250 may transmit information via a communication bus or 

W alternatively through hard wired connections. Interface 220 and diagnostic system 230 may be 
45 15 coupled to an on-board fleet management system 260. On-board fleet management system 260 

S 3 

]* may provide either near real-time or scheduled feedback of diagnostic information to a remote 

data center 270 by a wireless connection 280 (such as cellular or satellite transmission). The 
flj on-board fleet management system 260 may also trigger intelligent maintenance support systems 
m (either human or machine intelligence or both) to direct further, situation specific, onboard 
"rf 20 information gathering, either from vehicle sensors 250 or from the vehicle operator 202. In an 
alternative embodiment, diagnostic system 220 may store diagnostic information for later 
download by a service tool 240, such as to a portable computer. 

Referring to FIG. 1, a remote central data center 35 receives fleet management 
information by wireless communication such as over a link 30 or 90. The central data center 35 
25 may analyze the fleet management information and make the information available to other 
connected services. For example, a technical support group 80 can further analyze the fleet 
management information data to determine if any replacement parts are needed for the vehicle. 
Also maintenance information can be determined and immediately delivered, or relayed to a fleet 
management center 50. Since the fleet management center 50 is connected to central data center 
30 35 by a communication link such as a computer internet link 60, the internet link through the data 
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center may be used to access other information. For example, a database of previous fleet 
management information or other vehicle information may be accessed. 

Referring now to FIG. 2, there is shown a block diagram of another embodiment 
of an operator interactive apparatus 100 for a fleet management system. Operator interactive 
5 apparatus 100 includes a vehicle 115 having a plurality of vehicle sensors 120. Sensors 120 are 
coupled to a communication bus 125 (such as a Controller Area Network (CAN) bus or other 
communication bus.) The communication bus 125 provides sensor information to a diagnostic 
system 130. Diagnostic system 130 gathers and interprets information from communication bus 
125, such as data from vehicle sensor 120 and engine hours from meter 135. The diagnostic 
10 system 130 can store information over a predetermined time period, such as a plurality of days or 
weeks. Diagnostic system 130 may then communicate the fleet management information to an 
on-board fleet management system 140 at the predetermined interval or according to a 
it predetermined event. On-board fleet management system 140 initiates a wireless communication 
l M such as a cellular or satellite telephone call. Alternatively, the information may be 

JS 15 communicated over an RF channel. The diagnostics system 130 and on-board fleet management 

£3 

5 system 140 may also be incorporated into an integrated system. 

f A Global Positioning System (GPS) receiver may be coupled to communication 

HI bus 125, as depicted, or alternatively a GPS receiver may be coupled to the diagnostic system 

fU 

m 130 or the on-board fleet management system 140. The operator interactive apparatus 100 
J*- 1 20 communicates with a remote data center 150, with further communication to a technical service 
group. Data center 150 has a transmit/receive antenna 1 55 that is configured to receive wireless 
communication such as a cellular or satellite call initiated from the on-board fleet management 
system 140. 

In further embodiment of the present invention, a portable computer 160 having a 
25 modem 165 and transmit and receive antenna 170 is coupled to and communicates with 

diagnostic system 130. Portable computer 160 may be configured to receive sensor or other data 
from diagnostic system 130. Further, portable computer 160 is configured to run a decision tree 
algorithm to prompt and receive input from a vehicle operator. The portable computer 1 60 is 
analogous to the microprocessor integral with the operator and machine interface 220, as shown 
30 in FIG. 4. 
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A diagnostic algorithm runs on the microprocessor of the portable computer 160 
or operator interface 220. The algorithm asks a series of yes or no questions that are presented to 
the vehicle operator. Each yes or no response from the operator directs the algorithm to a 
successive branch of a decision tree. Each branch of the decision tree has another diagnostic 
5 question associated therewith. After a series of questions have been presented to and answered 
by the vehicle operator, a solution to a vehicle operating problem or failure may be identified. 
The diagnostics questions may pertain to the performance information of vehicle 15 sensed by 
the operator. Further, the diagnostics questions may pertain to the vehicle itself or to an attached 
implement. 

10 The microprocessor records the yes or no answers to the decision tree questions in 

a data character string, such as character string 300 depicted in FIG. 3. The data character string 
300 has a header 310 that preferably includes a vehicle identification number, such as the 
5f identification number "0256" illustrated as an example in FIG. 3. The vehicle identification 

H 

W number may also indicate a variety of vehicle information including vehicle type, implement 

Jr 15 attachments, or vehicle load, for example. Data character string 300 further includes a decision 

12 tree string 320. The decision tree string includes an ordered set of yes or no responses generated 

f by the decision tree algorithm. The yes or no responses are ordered in the same order in which 

f|j they were generated by the decision tree algorithm. Alternatively, the yes or no responses can be 

fU 

*i encoded in any applicable manner in the decision tree string, for example the yes or no responses 
J*~? 20 may be encoded as a string of ones (l's) and zeros (0's). Further, other responses to operator 
questions may be applied, such as a list of multiple choice responses, a choice of yes/no/maybe, 
or any other system of responses to operator questions or prompts. 

Character string 300 is communicated by wireless communication via modem 165 
coupled to portable computer 160. The character string is ultimately received at a remote data 
25 center 150. Data center 150 may further communicate with a service group such as technical 
service group 80 depicted in FIG. L Technical service group 80 may diagnose any maintenance 
or failure problems with vehicle 1 15 by analyzing the information stored in data character string 
300. For example, an operator's responses to the decision tree questions may be traced, to aid in 
troubleshooting, by technical support group 80. Alternatively, the technical support group 80 
30 may be an automated response system requiring little or no human interaction. If the technical 
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support group 80 diagnoses a problem that may be solved by installation of a new part, a request 
45 for a part may be dispatched immediately to fleet management center 50. Alternatively if 
maintenance information 45 is required, it may be communicated to fleet management center 50. 
If maintenance information is required, it may be communicated directly to vehicle 1 15 by a 
5 broadcast over cellular or satellite data link to portable computer 160 via modem 165. Further, 
maintenance information 45 maybe communicated directly to a service provider 70 who then 
can contact the fleet center 50 or the operator of vehicle 115. 

It should be noted that fleet manager center 50, equipment maintenance center 40, 
dealer service center 70, technical support group 80 and central data center 35 may all include an 
10 interface to a communication network, depicted as internet 60. Such an interface may be a 
personal computer, computer server, computer workstation, dedicated communication device, 

jM= and the like. 

C 

pj While the drawings and specific examples given describe exemplary embodiments 

*SJ of the present invention, they serve the purpose of illustration only. For example, the specific 

jF 15 configuration of the diagnostic system and communication arrangement may differ depending on 

j; the work vehicle or platform or the mode of communication being used. The apparatus of the 
invention is not limited to the precise details and conditions disclosed. For example, the fleet 

W management information transmitted may comprise any combination of sensor information and 

ru 

PJ information received from the operator. Also, the algorithm used to generate responses from the 
y* 20 operator is not limited to a decision tree algorithm, and other applicable response algorithms may 
be used. Furthermore, other substitutions, modifications, changes, and omissions may be made 
in the design, operating conditions, and arrangement of the preferred embodiments without 
departing from the spirit of the invention as expressed in the appended claims. 
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